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A Codevelopment company

A 100+ employees in Newark, CA and Boston

A Focus on life sciences and medical device development
A Internal R&D partially funded by government grants

@ Spins out internal ideas as independent products

A Develops a virtual dose mapping tool
A Seeks to deploy the tool with

A Medical device developers

A Sterilization vendors

A visit us at WWW.doseinsight.com
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What isbesign For (DFX)?

Sept. 23, 2022

g

A medical component
vendor used DFX to achiéve
wUse offthe-shelf A 33%reduction in # of parts
parts, design fora, A 64%reduction in # of
specific assembly operations
manufacturing A 53%reduction in cost

techn Iq ue, etc. Ihttps://www.dfma.com/resources/southco.asp

wReduce number of
— parts and assembly
steps
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wAccount for
conventional
measurement
Instruments
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The evolution of DFM for injection molding

https://www.rapiddirect.com/blog/medicainjectionr-molding/ https://www.ennomotive.com/revolutionizingnjectionrmoldingprocess/
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The evolution of DFM for injection molding

Conventional design guidelines reduce prototyping iterations
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Ribs should have a %draft angle to facilitate

Qjection and reduce contact pressure and friction
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thickness to minimize sinkihg

WaII thicknesses of bosses should be <0.6x the

/
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Reduce sharp transitions in wall thickness to allow
for smooth filling of the mold
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Avoid undercuts where possiBle
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1dfmpro.com/manufacturingprocessesdfmpro-for-injectionrmolding

https://www.protolabs.com/resources/desigtips/6-waysto-achieveundercutsuccessn-molded-parts/
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The evolution of DFM for injection molding

@®Modeling

O
DeS I g n A Several companies sell modeling software for

injection molding
- d I 2 A Able to simulate fluid dynamics and mechanical stre
g UI e In eS A Case studyfound using simulations resulted in:
A 50%reduction in development time
A 95%mold success rate

Ihttps://www.solidworks.com/story/ambixconsultinglic
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Design for Sterilization (DFS)

@ Modeling

_ EtQ consider breathability, avoid
® DeS|gn IES cavities where gas can get trapped,

D e S I g n conformally coated circuit boards, etc.
. . Material AAMI TIR1Tompatibility of materials
g u I d e I | n eS compatibi“ty subject to sterilization2017

Consulting with

Leverage decades of experience
vendors
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DFS for radiation sterilization
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DFS for radiation sterilization

Dose delivered
due to interactions
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DFS for radiation sterilization

Dose delivered
due to interactions

dose limit
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DFS for radiation sterilization

Dose delivered Upp_er |
due to interactions dose limit

Lower
dose limit
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DFS for radiation sterilization

Predicting the full
3D dose map
would enable DFS
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Predicting the dose map using modeling

Source model -

Radiation| eadl Dose map
‘Product model A Modeling

N /

Design For Sterilizatio
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Types of radiation

modeling
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" Monte Carlo

Monte Carlo
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Complexity of problem (geometry)
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Monte Carlo simulations for radiation transpo

Emulate the real statistical nature of particle transport by simulating
SIOK LI NUAOt SQa KAauluz2z2NE

Source produces particles with Particles interact with matter 9 OK LJ NI AOf SQa
random direction and energy A Get absorbed A Where did it get absorbed?

A Change direction A How much energy did it

A Change energy deposit?

- 15.3kGy
/ \ b / ' i
K |
g 10.7kGy
24.2kGy

~
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G e ant4 https://geant4.web.cern.ch/
A Monte Carlo toolkit for passage of particles through matter

High energy

ohysics Medical Aerospace

Strong institutional support |
@) SLAZ “ite QQTRIUMF ke *@ENBG £EFermilab
|

CoOLLEGE OF COMPUTER SCIENCE
N
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Validation of Geant4 with a 6 MeMa¥ beam

M. Constantin et al., Medical Physics, 38 (2011). Collaboration between Stanford and Vari

CAD model of treatment head Measured (black) vs. simulated (red) dose

12/ e _Experiment and Monte Carlo
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98% of measurement values are within 2% of simulated dose
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Example of validation at a 10 Me¥eam facility

O Experiment
| | @ Simulation

2 3
Step Number
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Example of validation at a 10 Me¥eam facility

O Experiment
@ Simulation
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| have a dose map modeling tool, now what"
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Use case: Modality selection

CAD Model [ Dose Maps

e N
Medical Device Gamma (1.17 MeV) X-Ray (6 MeV)

Steel needle

No

Aluminum
adaptor

Plastic body
with cavity
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Use case: Optimizing packaging configuratio

=3 Beam €= =3 Beam €=

Steel

needle || Ajuminum

\' adaptor

J/
|

CAD Model

Plastic body with cavity

Dose Maps
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Use case: Identlfylng location of min/max dos

Reference dose [kGy] [kGy]

Colorbar lower dose [kGy]

T e

Colorbar upper dose [kGy]

R R ) OO

Threshold lower dose [kGy]

® I

Threshold upper dose [kGy]

— IIIIII

CAD display

Dose rendering

Average v

Color map

Sept. 23, 2022 www.tripleringtech.com Daniel Badali, Ph.D. www.doseinsight.com




Use case: ldentifying location of min/max dos

, [kay
Reference dose [KGy]

Colorbar lower dose [kay]

e

Colorbar upper dose [kay]

[0 | ==—-0 |

Threshold lower dose [ky]

¢ o |

Threshold upper dose [kGy]
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CaD display

Wireframe w

Dose rendering

Average w

Color map
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Use case: ldentifying location of min/max dos
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